Adolescence is characterized as a period of change and adaptation typically marked by a decline in physical activity participation and accompanied by an increase in substance use. The purpose of this study was to examine the relationships among the type (team and individual activity) and intensity (high, medium, and low intensity) of physical activity and substance use (tobacco, marijuana, and alcohol use, and binge drinking) in a sample of 738 adolescents. Results indicated differing relationships among study variables depending on the type and intensity of physical activity and the type of substance used For instance, a positive relationship was found for physical activity intensity and alcohol use, but negative relationships were found for physical activity and tobacco and marijuana use. Collectively, the results reveal that the relationships between physical activity type and intensity and substance use are more complex than previously believed.
Adolescence is a period of growth and development predominantly characterized by change and adaptation (22) . During this period adolescents typically experience a progressive decline in physical activity participation (21, 30) and age trends indicate that many adolescents are at risk of becoming sedentary adults (19) . In adults physical inactivity is clearly implicated as a risk factor for several chronic diseases, including coronary heart disease, hypertension, obesity, and diabetes (see [5] for a review).
For many adolescents, the decline in physical activity is accompanied by an increase in substance use. Data from the National Population Health Survey (9) indicate that tobacco, marijuana, and alcohol are widely used among Canadian youth. For example, 31% of youth age 15-17 reported being regular drinkers (i.e., drinking alcohol at least once per month), and 20% reported regular heavy drinking (i.e., more than 5 drinks per occasion). 1 Further, 45% of youth in the same cohort reported using tobacco and 25% reported using marijuana. Other studies have reported similar findings (e.g., 1, 4, 10) .
The inverse relationship between physical activity and substance use has prompted many researchers to examine this association, typically using data reporting the frequency of physical activity participation and substance use. Our
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McCaul and Yardley are with the Faculty of Applied Health Sciences, Brock University, St. Catharines, Ontario, Canada. Baker is with School of Kinesiology and Health Science, York University, Toronto, Ontario M3J 1P3 understanding, however, is far from complete. Results among studies are often inconsistent and, therefore, potentially misleading. For instance, although the majority of research indicates that adolescents are not physically active enough for the prevention of long-term health consequences (see 27), a significant minority of studies provides opposing results (e.g., 19, 21, 25) . The relationship between substance use and participation in physical activity is also unclear. Several researchers (26, 29) have reported negative relationships between substance use and physical activity, whereas others (e.g., 11, 23) have reported a positive association between physical activity and substance use.
Discrepancies in these findings may be attributed to several factors, including variations in standards for what constitutes acceptable levels of physical activity and differences in how physical activity is measured (19) . For instance, many studies fail to capture the intensity with which adolescents are involved in various types of physical activity, and it is plausible that different levels of intensity might be differentially related to substance use, particularly if the substance used reduces the ability to perform at higher intensities of activity. As well, the use of substances such as alcohol, tobacco, and marijuana may be associated with specific types of physical activity (e.g., team versus individual or high intensity versus low intensity), and those differences would not be obvious in studies simply examining physical activity involvement using frequency data.
Therefore, physical activity intensity might be a more meaningful measure than simple physical activity frequency for examining the relationship between physical activity involvement and substance use. For instance, involvement in primarily high-intensity physical activities might be a characteristic of an individual dedicated to healthy lifestyle choices who also minimizes unhealthy behaviors such as excessive substance use. Conversely, involvement in primarily low-intensity activities might be a characteristic of an individual with less regard for healthy lifestyle choices and, therefore, unhealthy behaviors such as excessive substance use are more prevalent. There is some evidence to support these contentions. For instance, Pate, Heath, Dowda, and Trost (18) found that cigarette and marijuana users were more likely to be represented in their study's low-intensity physical activity category.
Recent studies of physical activity in adolescents have begun using more specific measures of involvement, such as estimated daily energy expenditure and estimated moderate-to-vigorous physical activity (13) . The relationship between physical activity intensity and substance use in adolescents remains unclear. The purpose of this study is to examine the relationships among physical activity type (i.e., team and individual physical activities), intensity (i.e., high, medium, and low intensity), and substance use in a cohort of adolescents.
Method

Sample
This study used a subsample from the Youth Leisure Study (YLS; 2,3), a study designed to gather data on youth lifestyle choices and experiences. A major purpose of the YLS was to develop a profile of adolescents that would be useful for social workers and scientists designing interventions to deal with youth problem behavior. The original YLS sample was obtained from class lists of 44 secondary schools in the Niagara Region, Ontario, Canada. The YLS sampling frame was stratified by grade and included approximately 3000 randomly selected students. because of sampling limitations (e.g., dropout, nonresponse, and refusal to participate) however, only 38% (N = 1097) of the original sample participated in the study. Furthermore, only 738 participants completed all required scales for this study (319 males and 419 females-43% and 57% of the sample, respectively). The percentages of this study's sample from each grade are in close proportion with the original sampling frame indicating little distortion by grade level from the original randomly selected sample. The mean age for this group was 15.5 years (SD = 1.44).
Study Variables
The relationships between physical activity intensity and adolescent substance use were examined using the regression procedures outlined below. This study's variables were drawn from responses to the YLS questionnaire, a multivariable instrument addressing a wide range of adolescent leisure behaviors, school performance measures, and psychological variables. The variables used in the present study are reviewed below.
Demographic covariates. Several demographic variables were identified in the literature as possible confounds of the physical activity-substance use relationship. As previously mentioned, substance-use rates typically increase as one advances in age (1), whereas physical activity declines (19) . Furthermore, males typically report greater substance use (17) and greater involvement in physical activity (19, 30) . Research has indicated that the importance of religious faith (7, 14) and having a part-time job (16, 28) are also important variables in understanding adolescent substance use.
In the current study, age (in one-year increments), gender (male/female), and having a part-time job (yes/no) were measured using single-item measures (i.e., "How old are you?" "Are you male or female?" and "Do you currently have a part-time job?" respectively). The importance of religious faith was measured using a single-item scale ("How important is having a religious faith to you?") with values ranging from 1 (not important) to 4 (very important). These demographic variables were entered in the first step of the regression procedures in this study's analyses as statistical controls for their possible confounding effects.
Physical activity intensity measures. There were six independent measures of physical activity used as predictor variables in this study: high-intensity individual activities, high-intensity team activities, medium-intensity individual activities, medium-intensity team activities, low-intensity individual activities, and low-intensity team activities. Participants reported the frequency of their involvement for each of the items based on a 7-point Likert scale ranging from 0 (not at all) to 6 (every day). The response stem was, "Indicate how many times in the last month you participated in physical activity at school, with clubs/teams and individually." High-intensity activity was described in the questionnaire as activities that involve "heavy perspiration, heavy breathing, and few rests." Examples given for high-intensity individual activities in the questionnaire were running, swimming, cycling, and speed walking. Examples given for high-intensity team activities were soccer, hockey, and basketball. Medium-intensity activity was described in the questionnaire as "activities that involve some perspiration, faster than normal breathing and some rests." Examples given for medium-intensity individual physical activities were jogging, aerobics, and in-line skating. Examples given for mediumintensity team activities were baseball, volleyball, and football. Low-intensity activity was described in the questionnaire as "activities involving a little perspiration, normal breathing, and plenty of rests." Examples given for low-intensity individual activities were easy walking and cycling. Examples given for low-intensity team activities were bowling, curling, billiards, and darts.
A number of existing scales were reviewed for use in this study, but rejected primarily because they did not capture intensity or type of activity appropriately. Instead, this study's scale was designed to reflect the specific requirements of this investigation, that is, examination of the possible differences between time spent in team and individual modes of physical activity at varying levels of intensity. Attention was given to establishing the validity of the physical activity scale during the design of the survey instrument and following data collection. Of specific importance was establishing face validity and concurrent validity. To establish face validity of the physical activity scale (and all of the YLS scales), a panel of experts in the area of youth and adolescent behavior were asked to review the instrument. All of the experts endorsed the validity of the scale. Concurrent validity was established by comparing adolescent scores on the physical activity scale to another scale that shared similar questions. Three items from a scale examining leisure-time activities measured the frequency of time spent in "competitive, organized sports," "recreational/social sports" and "exercising for health." These three items were totaled to reflect the total frequency of reported physical activity. This frequency total was then compared to the total amount of time reported in the physical activity scale using Pearson product moment correlations. The correlation between these two sources of information was .67 (p < .05) indicating a good degree of association between the two scales.
Substance-use measures. Tobacco use, marijuana use, and two alcohol use outcomes were measured. Respondents reported their substance use over the last month with the response stem, "How often did you use the following substances in the last month?" Each of the scales measured respondents' frequency of use on a 6-point scale ranging from 0 (never used) to 5 (every day). In addition, adolescent alcohol consumption is typically characterized by binge drinking (i.e., five or more drinks on one occasion but sporadic in occurrence [8] ). To capture this form of alcohol use, binge drinking in the past month was measured using the stem, "How many times in the past month have you had 5 or more drinks on any one occasion?" Pre-analysis procedures. Before the multiple regression procedures, a number of preanalysis procedures were carried out. Correlation analyses were performed to check the relationships among predictor variables. The coefficients among the demographic covariates were low (r < .25, therefore no single demographic variable accounts for any more than 6.3% of the variance in any other demographic variable), indicating a reasonable degree of discrimination among these variables. Among the predictor variables, there was also a reasonable degree of discrimination and the weak to moderate magnitude of these coefficients (r range from .04 to .52 indicating between 2% and 27% of shared variance among the predictors) suggests that each is sufficiently independent of the other predictor variables. Among the outcome variables, there was a strong relationship between alcohol use and binge drinking (r = .71). Although this coefficient is relatively high, it is not unexpected, given that each of these variables involves the use of alcohol, differing only in the intensity of consumption. In spite of the high degree of association, approximately 50% of the variance in one variable remained unaccounted for by the other suggesting that a reasonable degree of discrimination exists, so both were retained for this study's analyses.
Several of the substance-use outcome variables were negatively skewed. Alcohol use and binge drinking were transformed according to procedures outlined in Tabachnick and Fidell (24) , which ultimately eliminated all outliers. Marijuana use, however, was a problematic variable. Several attempts to eliminate multivariate outliers were made, but this resulted in a substantially lowered sample size. Therefore, in order to keep the sample size uniform with the other variables (for both predictors and outcomes), this study's analyses were performed with the marijuana use data transformed, but with eight outlier cases retained. Tobacco use did not require transformation.
Analytical procedures. Regression analyses were used to examine the relationships among demographic, predictor, and outcome variables. For each of the four outcomes (alcohol use, binge drinking, tobacco use, and marijuana use) there were six separate regression analyses conducted (i.e., using high-, medium-, and low-intensity individual activities and high-, medium-, and low-intensity team activities as the substantive predictors). In Step 1 of each regression analysis, demographic covariates were entered followed by the study's predictors in Step 2.
Results
Results of the regression analyses for differing intensity levels in individual and team physical activities on the substance-use outcomes are presented in Tables 1-4 . In Step 1, a significant positive relationship was found for age and a significant negative relationship was found for importance of religious faith for each of the substance-use outcomes. In addition, males were significantly more likely to drink alcohol than females and those with part-time jobs were significantly more likely to use tobacco and marijuana than those without part-time jobs. In Step 2 of the regression procedures, physical activity intensity accounted for significant amounts of variance beyond the demographic covariates in Step 1 for 8 out of 24 possible analyses.
Alcohol Use and Binge Drinking
High-intensity team physical activity was a significant positive predictor of alcohol use (β = .12, p < .001) and binge drinking in the past month (β =.13, p < .001). Further, medium-intensity team physical activity, low-intensity team physical activity, and high-intensity individual physical activity were also positive predictors of binge drinking (β = .07, p < .05 in all three cases). In addition, high-intensity individual activity was a marginally significant positive predictor of alcohol use (β = .06, p < .10).
Tobacco and Marijuana Use
Medium-intensity team physical activity was a significant negative predictor of tobacco use (β = -.08, p < .05). Furthermore, high-intensity individual physical activity was a significant negative predictor of marijuana use (β = -.07, p < .05) and low-intensity individual physical activity was a significant positive predictor (β =.11, p < .001). In addition, high-intensity team physical activity was a marginally significant negative predictor of marijuana use (β = -.06, p < .10).
Discussion
The results of this study indicate that levels of physical activity intensity do not consistently predict the use of substances. As well, the results indicate that different patterns of adolescent substance use emerge depending on the type of substance used, whether the type of activity is an individual activity or a team activity, and whether the physical activity intensity is high, medium, or low. There are suggestive patterns in the results, however, indicating that higher levels of physical activity intensity are positively associated with alcohol use, but negatively associated with tobacco and marijuana. Team activities appear to be more strongly and positively associated with alcohol use but negatively associated with tobacco and marijuana use. The demographic findings and the complex relationships among activities and substance use are further discussed below.
In keeping with previous research findings, gender clearly differentiates frequency of alcohol use-being male is a significant indicator of higher alcohol use. In contrast with other studies, in this study gender was not significantly associated with frequency of binge drinking, marijuana use, or tobacco use. The direction of the nonsignificant beta weights for binge drinking and marijuana use, however, is suggestive that being male could be associated with use of those substances, but not tobacco. Increasing age, on the other hand, is consistently and strongly associated with higher use of all substances suggesting that factors such as access, affordability, maturity, greater degrees of freedom, and lower parental or institutional control (which are commonly associated with increasing age) are likely responsible for the consistency of the findings. Having a part-time job was positively associated with tobacco and marijuana use, but not with either of the alcohol variables. The most obvious connection with having a part time job is having access to money for the purchase of substances, but it is unclear why that factor would not also lead to a positive association with alcohol use. Finally, as strongly and consistently as age was associated with each outcome, the importance of religious faith was as strongly, but negatively, associated with each outcome. This finding clearly supports the conclusion that researchers should consider the possible confounding influence of religious faith in their analyses. Further study of the underlying factors that create such consistent findings for the importance of religious faith could be of significant interest to practitioners because they might lead to interventions that could buffer the use of substances during adolescence. Those interventions are unlikely to be as straightforward as simply involving adolescents in faith-based activities, but instead would probably involve factors associated with an individual's entire value system. Several patterns were also found among the physical activity variables. For tobacco use, medium-intensity team physical activity was the only physical activity variable that was a significant predictor. For marijuana use, however, two of the six physical activity variables were significant predictors, and one variable was a marginally significant predictor. These findings are consistent with Blair et al's (6) assumption that smoking and physical activity are negatively associated, but not very strongly. The results for the present study indicate that a similar negative relationship exists, but the findings are not consistently significant. Pate, Heath, Dowda and Trost (18) revealed comparable findings; specifically, that cigarette users were 1.5 times more likely to be involved in the low-intensity physical activity category. Furthermore, the authors found that little or no involvement in physical activity was associated with both cigarette and marijuana use.
Although the findings for tobacco and marijuana use were not consistently significant, the trends in the physical activity regression coefficients were similar and suggest that individuals involved in high-intensity activities are less likely to use tobacco and marijuana than individuals involved in medium-and low-intensity activities. This might be because inhaled substances such as tobacco and marijuana impede physical activity performance because they compromise cardiovascular function (see 12). More specifically, carbon monoxide produced during the combustion of tobacco combines with hemoglobin, thereby decreasing the efficiency of the oxygen transport system (15) . Individuals involved in aerobically demanding physical activities will be affected by compromised oxygen transport to a greater extent than those involved in low-intensity physical activities and, therefore, are less likely to use inhaled substances such as tobacco and marijuana. It is also plausible that participation in low-intensity physical activity and the use of substances like tobacco and marijuana are indicative of a pattern of unhealthy lifestyle choices. Further research is necessary to elucidate this relationship.
For alcohol use, high-intensity team physical activity was the only significant predictor variable with high-intensity individual physical activity marginally significant. For binge drinking, however, four of the six physical activity intensity variables were significant predictor variables. In particular, team activity was significantly and positively associated with binge drinking at all levels of intensity. These findings provide evidence of a robust "team effect" regarding binge drinking. Though greater alcohol use in team sport athletes has been shown before (23) , this study goes farther and demonstrates the effect across all intensity levels.
Although the findings for alcohol use and binge drinking are not consistently significant, there are noticeable patterns that appear. For instance, trends for the individual physical activity variables (i.e., high, medium, and low intensity) are similar, and trends for team physical activity variables (i.e., high, medium, and low intensity) are similar. The results indicate a positive relationship between physical activity intensity and alcohol use, and extend previous research on alcohol use and participation in physical activity (11, 18, 20) by identifying the crucial role of exercise intensity.
In sum, the present study indicates that the efficacy of physical activity intensity as a predictor of substance use is dependent upon the type of substance use under examination. Research that places different substances under the broad category of "substance use" is problematic. For instance, tobacco use should not be considered in the same context as alcohol use because, in this study, the direction of the relationship between physical activity variables and tobacco use was opposite to that between physical activity and alcohol use. Furthermore, the predictive differences among substances indicate that intervention efforts, such as health promotion, need to be differentially developed. The results suggest teamsport and individual-sport participants have different substance-use patterns. Team sports, for instance, are more strongly associated with alcohol use and, counterintuitively, the strongest association with alcohol use is high-intensity participation. This finding suggests that "work hard, play hard" might be occurring where binge drinking is more strongly associated with the higher levels of intensity.
The findings of this study provide several areas for future research. For example, the regression coefficients for the team physical activity variables were consistently higher than the regression coefficients for the individual physical activity variables, suggesting that team physical activity could be a stronger predictor of substance use than individual physical activity, perhaps because of the group/ social nature of the activities. Given that this study examined the predictability of team and individual physical activity through separate regression procedures, it is only possible to speculate based on the patterns that appeared. Schneider & Greenberg (23), however, made a similar observation, suggesting that the teamsports groups were at higher risk for a series of negative health behaviors, including various types of substance use. Future research should compare the predictability of team and individual sports relative to each other. Moreover, future research is needed to elucidate the specific factors promoting increased alcohol use in team sport participants.
Further research in this area is essential to determine the factors that influence adolescents to give up healthy behaviors, such as physical activity, in exchange for unhealthy behaviors, such as substance use. Moreover, understanding the nature of the relationships among different types of physical activity involvement is critical in designing appropriate prevention and intervention programs.
